gap which future research may be able to address. Formulation of a custom model representing the unique features and complexities of communication within hospitals is recommended. strengths and gaps in the evidential base and summarize them setting the stage for further work.
The scoping review framework originally proposed by Arksey and O'Malley [16] and later modified by Levac, Colquhoun and O'Brien [17] was used in this review.
Wherever the unique nature of the project warranted a modified approach to the prescribed methods, they were fine-tuned accordingly and described in this document.
Because information on the theories and models is often included in the body of articles, standard searching methods based on indexing terms and notation in titles and abstracts were not likely going to be effective for article identification. Therefore we conducted a substantial amount of hand searching and bibliography checking.
Screening was also complex and time consuming and required review of many full text articles in print and electronic format. Our searching sought to capture 3 groups of studies or articles. The first category describes communication theories, models and frameworks that have been applied to interprofessional communication in any of our settings of interest. These articles are more theoretical and often do not have study data. The second group consists of articles that contain descriptions of methods of communication error analysis in our settings of interest using the new ICTs and use or mention a theory, model or framework in the article. From our initial review of the literature we found that the Table 1 lists the databases which were systematically searched. Table 2 lists the databases and literature sources electronically or manually hand searched.
Our initial systematic search yielded 15 365 articles. Hand searching and searching back references resulted in a set of 181 articles. One hundred and forty four full text articles were read and 40 of them were selected to be included in the review.
We were able to identify 14 theories and 12 models which could be applied in hospital communication research. Primarily for ease of comprehension and clarity of presentation, a system of categorization of the theories and models located by this review has been proposed. The theories have been classified in to three groups based on their broad area of focus -interpersonnel, organizational and system-wide. Models have been classified in to two groups based on their content in to either mechanical / mathematical or psychosocial / composite models. They are listed in Tables 3 and 4 respectively. 
Discussion
Healthcare has traditionally been reluctant in adapting to changes and was slow in embracing digitization and automation of work processes. However, that has changed in the past decade and a half -today healthcare is passing through a plethora of changes in relation to technology and operational aspects. One notable feature of these unprecedented changes is emphasis on improving teamwork and enhancing patient safety and quality of care. Organizational culture in large and small hospitals alike is also changing from a culture of individual culpability to a systems approach based firmly on teamwork. A notable feature of this change to teams is that ICT remains at the center of all these changes. Mere implementation of state of the art devices can only provide marginal or temporary gains at best.
Before we can automate a task, we must first model it. As with other areas of eHealth, the fast paced ICT adoption in hospitals is largely lacking in a sound theoretical basis. Healthcare needs to study its unique processes and challenges and adapt existing devices to it, or even develop custom solutions. Experience of other safety critical industries, especially those of aviation and nuclear power generation has demonstrated that applied research with strong theoretical underpinnings is mandatory if significant gains in safety are to be achieved. The prime objective of this review was to create a repository of models and theories that can serve as a starting point for future 
Theories

System level theories
Systems theory is the term used to denote a group of theoretical concepts originated from systems thinking which has a wide variety of interpretations and adaptations in various fields. In systems theory a system is considered to be a set of objects or entities that interrelate with one another to form a whole. Systems can be closed (one that has no interchange with its environment) or open (one that accepts matter and energy from, and send it to its environment). Systems consist of objects, their attributes, internal relationships and environment. Systems tend to be embedded within one another (hierarchical). Some other key properties of a system are cybernetics and homeostasis or balance. Cybernetics deals with the ways systems, along with their subsystems, modulate their affect and make necessary adjustments [4] . Many of the departments in a large hospital are so diverse in the scope of their objectives, operative procedures and team composition that each of them may be considered semi-autonomous units, as for example, an emergency room and the operating room complex in a large hospital. Ever increasing levels of specialization sometimes ensures that those units are often studied in relative isolation. From the systems theory perspective every unit constitutes a set of objects that interrelate with one another to form a whole, the hospital itself. Admittedly each unit has its own set of attributes, but patient safety research addressing communication issues may be enhanced by careful study of internal relationships of the various 'subsystems' inside the larger hospital system.
Information Theory
Information theory focuses on measurement of information. This theory deals with the quantitative study of information in messages and flow of information between senders and receivers. According to this theory, information is the level of entropy, the unpredictableness in a system. Higher levels of entropy are associated with more information, and vice versa (negantropy). Information can also be viewed as the number of messages needed to completely reduce the uncertainty in a situation. The higher the complexity of the situation, the higher will be the number of alternatives. Another concept in information theory is redundancy. Redundancy is a measure of the predictability of information. A certain amount of redundancy is necessary for complete understanding. Redundancy also enables systems so that they can be self-checking and with even more redundancy to become self-correcting [4] . According to information theory, some amount of redundancy is good, but the limit is not known. As the hospital team members coordinate progressively and form a shared mental model of the patient the amount of entropy is reduced. It follows that messages between hospital care teams must contain the right amount of information with some redundancy to convey the intended message. Incomplete or highly redundant messages can result in patient harm.
Network Theory
Essentially a network is a representation of how information is created and flows through an organization. According to network theory the members of an organization communicate and incorporate the results of the communications to produce some end product by using energy, information and materials from the environment. Two types of information can be present in an organization -absolute and distributed. Absolute One of the prime objectives of using modern communication devices for communication inside a hospital is to dissipate distributed information. Absolute information can be found embedded in the system as procedure protocols, automated alerts or others. However, distributed information is more loosely held by the personnel as this information needs to be delivered to whoever needs such information. Network theory can be used to evaluate communication dynamics within each subsystem.
Social Network Theory
Social network theory postulates that "technical work processes as well as social systems need to be considered and optimized to improve organizational performance".
A social system comprises elements such as the employees and their practices, mental constructs and interactions. The tools, devices, materials and techniques by which work is performed make up the technical system. The social network theory holds that a balance is needed between technical and social systems for good communication.
Context influences the behavior of individuals in an organization. According to socio technical theory, technology is an important determinant of organizational context. Changes in technical systems will create changes in the social system. Many such changes may solve several existing problems but at the same time may bring about new kinds of errors. It is essential to study how each subsystem is influenced by context and the effect of those changes on other subsystems [18] .
Sociotechnical theory can be easily applied to hospitals. Social system inside a hospital consists of doctors, nurses, pharmacists, other professionals and employees with their own behaviors, activities, skills, attitude, organizational and professional culture and their interactions. Communication devices such as pagers, cell phones and medical records form the artifacts in the system. The sociotechnical theory implies that before introducing new devices and practices it is important to study their impact on the system as a whole. This is a very important point because many hospitals are in the process of upgrading their communication systems by introducing new devices such as Blackberrys, iPads and iPhones. The usage of these devices can affect changes in the sociotechnical system of the hospital which in turn will affect the hospital's safety performance. These new devices change the way team members communicate with each other. Therefore the existing communication practices need to be fine-tuned to accommodate the changes.
Organisational level Theories
Modern hospitals are large sized organisations and therefore it is very important that theories that deal with communication as an organisational function be considered. The separation can range from first degree as in a face to face conversation wherein the speaker's intention is accurately translated and embedded in the conversation to sixth degree when text and conversation are standardized and diffused through media for general consumption as in a television news item or a public leaflet. According to Taylor, personal interactions inside an organization shape an organization. Concepts of text, conversation, intent, context, dispensation and degree of separation provide a framework to analyze communication [19] .
Theory of Organizational Communication
Communications in a hospital can be viewed in terms of degree of separation.
Face to face consultation between doctors and nurses is an example of first degree separation. It is the best mode of communication because efficient translation of text (content) and conversational interaction occurs??. In hospitals it is a common practice for the senior member of the team, usually the consultant, to be briefed by one of the team members. Second degree of separation occurs in such cases of communication.
In the case of transcription of a physician's case notes by a transcription professional, separation is of the third degree. Professional communication between physicians is an instance of separation of fourth degree. Introduction of ICT-enabled devices change the communication patterns and organizational culture in a hospital [19] .
Chaos Theory
Chaos theory is not a theory of communication in the strictest sense but it represents "broad conceptualization of both organization and crisis that moves beyond the traditional crisis communication and public relations frameworks" [20] . "Sensitive dependence on initial conditions" also known as the butterfly effect is the most basic feature of chaos [20] ,. Stewart argued that chaos "produces a tiny change in the state of the atmosphere [20] ". This small change in the atmosphere can produce catastrophic results over a period of time [2] , [20] . Naturally occurring self-repeating patterns in a Theory is applicable to hospitals also. Failure to report or acknowledge critical information can endanger patients' lives. Chaos Theory also serves as a means to explain the complexity of healthcare services [3] , [21] , [22] .
Risk Communication Theory
Risk communication theory is a subset of communication theory which aids in understanding how risks and crises can change the customary rules of communication [1] , [3] , [5] - [7] . This theory addresses the problems raised in the "exchange of information about the nature, magnitude, significance, control, and management of risks" [1] , [9] , [10] . It also deals with determining the strength of channels through which information about the risk is transmitted. Little agreement exists regarding the best method to transmit communications regarding risk. Basically the method is chosen based on the recipient. For example, emails, paging and text messages are some of the strategies used by hospitals for informing healthcare professionals about a potential nosocomial infection. Lack of information regarding context is one potential pitfalls of electronic transmission. According to Baruch Fischhoff, no single best technology is available to employ in risk communication; all technologies have their own shortcomings and advantages. Each of the technologies also has negative consequences for some segments of population [23] It is advisable to weigh the benefits and risks for a given situation before choosing one communication method over another. [4] , [7] . Communication between members of healthcare teams can be regarded in terms of the level of uncertainty regarding a particular piece of information which is needed to care for the patient. The higher the level of cognitive uncertainty, the greater will be the amount of communication required for care coordination. The presence of team members who are new and unfamiliar with the patient's protocol and details can increase the amount of cognitive uncertainty and therefore, the amount of communications required.
Interpersonnel level Theories
Even though hospital communication is predominantly professional and
Humanistic Communication Theory Humanistic communication theory cautions against dehumanizing communication which occurs when the communication process is stripped of unique human characterization.
Dehumanization occurs when one speaks to people as if they were "things" rather than human beings resulting in their devaluation [8] .In the context of communication in hospitals, electronic communication devoid of real contact between providers is prone to 'dehumanizing' and can result in loss of context and situational awareness [8] , [11] . 
Communication Accommodation Theory
Wicked Problems Theory
Wicked problems are those that are "ill-defined, ambiguous and associated with strong moral, political and professional issues" [18] . These problems are characterized by their dynamic nature. They exist in a complex interactive environment and are difficult to solve. Typically it is also difficult to know when a solution has been reached in these wicked problems [18] . Task Artifact Cycle 'Task-artifact cycle', is a process by which technological artifacts are designed to support existing tasks [24] These tasks in turn are modified by the new technology, resulting in the need for redesigned artifacts. Multiple cycles of redesign can happen in communication [25] . The crux of this theory is that tasks and artifacts co-evolve. For example, to accomplish a task, a set of artifacts may need to be designed. These This happens because requirements never stabilize and the introduction of the device into the process changes the process itself which in turn necessitates device refinement. As easy as this principle is to understand from a social science point of view, it poses considerable challenges to information systems design. That is because ICT can respond to finite predefined situations only. This places information systems in a position of disadvantage when it comes to keeping up with the ever changing human requirements. The rule based behavior of systems is not sufficient to deal with human and evolving situations [26] . According to the task artifact theory, ICT can even change the way patient care is delivered. For example, after electronic medical record system implementation physicians and nurses find that a large portion of their time otherwise spent in direct patient contact is taken up by record keeping. It is increasingly common to hear a physician complaining about this unexpected demand. One way to reduce the time needed for updating electronic records is by improving its usability. Usability requirements will then change the electronic medical record software presentation. This series of changes, according to the task artifact theory, is bound to be a virtually never ending spiral.
Models
According to Mortenson, "In the broadest sense, a model is a systematic representation of an object or event in idealized and abstract form. Modelling a problem may not provide answers readily but allows us to ask questions" [27] . Twelve models were identified in this review (Table 2 ). For the sake of presentation they were divided in to three groups based on their core content and are describedin the following section. With each description, salient features of the model that apply directly to hospital communication with new ICTs are highlighted.
Psychosocial and / Composite Models
Unlike the earlier mechanical models and perhaps due to the increase in complexity of communication process several communication models developed in the latter half of 20 th century attempted to portray communication as a composite process with contributions from a wide variety of domains such as psychology and organizational behaviour as well as fundamental concepts from historical mechanical models. Some of these models are described below.
Psychological models focus on personal characteristics of individuals and how they process, filter and understand messages. According to Calabrese, "the conceptual filters adopted by the individual players allow the structuring of chaotic environments and thus form the locus of the communication" [28] . However studying individuals' conceptual filters is difficult. In addition, the assumption of linear causality and its focus on physiological aspects of communication at the expense of the physical aspects also are pointed out as shortcomings of the model. The psychological models are more abstract and related to individuals. However, the Multiple Resource Model interprets communication in terms of available mental resources and multitasking and, therefore, may be particularly relevant to the context of this paper.
Multiple Resource Model
The Multiple Resource Model is the practical application of Wicken's Multiple Resource Theory which proposes that the "human operator does not have one single information processing source that can be tapped, but several different pools of resources that can be tapped simultaneously" [29] . The Multiple Resource theory originates from the concept of 'single channel bottleneck' and the `limited capacity central processor' According to the model, "Time-sharing between two tasks was more efficient if the two utilized separate structures than if they utilized common structures" [29] .In the applied context, "the value of such models lies in their ability to predict operationally meaningful differences in performance in a multi-task setting, that results from changes (in the operator or in the task design) that can be easily coded by the analyst and the designer" [29] .
Work inside a hospital is characterized by its chaotic nature; multitasking is very common. In psychological terms, multitasking is described as time sharing of internal resources between various modes of cognition such as visual, auditory and spatial. In addition to multitasking, healthcare professionals receive messages in multiple formatsvisual, verbal, auditory or a combination of those. Wicken's Multiple Resource Model can be applied to evaluate healthcare workflows and to make efficient use of available resources.
Systemic interaction model
The Systemic interaction model establishes the communication process as a set of processes that must be analyzed as a whole before the communication can be understood [19] .Unlike the mechanical approach, the systemic interaction approach does not assume that the entire communication process is equal to the sum of the individual acts. Rather, it is the communication process which determines the organizational behavior. The key to communication in the systemic interaction model is in the ordered rendering of structured behaviors discerned in terms of recurrence. The Systemic interaction model is not a search for cause effect analysis connecting the ingredients of the process of communication [19] . The systemic interaction model is closely related to systems theories. Like the systems theory, the systemic interaction model is highly relevant in today's hospitals because each unit in a hospital can be represented as a subsystem of the larger system (hospital). 
Mechanical/ Mathematical Models
These models were the earliest models of communication. According to mechanical models, communication is a linear sequential and simplistic process whereby the message is created, encoded, transmitted through a channel and decoded. Another important tenet of the mechanical model is that all language used in communication needs to be free of ambiguity. Apart from its linearity, the model has several shortcomings. It accords a quasi-causal relation to the sender and the receiver. Additionally, the model considers messages as objects with spatial and physical properties such as frequency, amplitude or duration. Any distortions are interpreted as "errors or noises to be eliminated as a result of the artificial belief that such errors or noises make it impossible to capture the nature of the message, which is considered neutral and previously defined" [28] .
Shannon Weaver's Mathematical Model
Shannon weaver's model consists of five elements: an information source (creates a message), a transmitter, (encodes the message into signals) channel, receiver and destination [33] .A sixth element, noise, was a later addition to the model. Whatever blocks or negatively affects the passage of the message through its channel is deemed to be a noise. The model looks at communication as a one-way process. This flaw was later corrected by adding a feedback process in the circular model of communication [31] . Although the Shannon Weaver's Mathematical model and its modifications are not relevant in modern day hospital communication studies it was included in the review because the model has been regarded as the precursor of all subsequent mathematical models and is a good starting point for anyone attempting to study any communication.
Action, Interaction and Transactional Models
The Action model suggests that communication is a simple process of injecting our messages into those we feel need to know the information. This model also has been referred to as linear communication model [4] . Communication systems, according to Schramm, operate within the confines of cultural rules and expectations to which we all have been educated) [34] .
One drawback of the Schramm model is that it does not allow for complex, multiple communications between more than two persons. The inclusion of context, field of reference, culture and feedback makes the Schramm model more relevant to hospital communication than linear models.
Conclusion and recommendations
Our review has several limitations. First, although we have used comprehensive review methods across a large number of core biomedical databases and other sources the vastness of the knowledge areas to be mapped might have resulted in some pertinent results not being located by us. Second, several non-biomedical databases do not respond well to keyword based searches and might have contributed to the lack of complete retrieval.
To conclude, our review was able to identify a number of theories and models that may be applicable in furthering hospital communication research. However, it must be noted that most of the theories and models have not yet been applied in biomedical research to hospital communication and as such their applicability can only be suggested-a gap which future research may be able to address. Also we feel that there is significant scope for a new model representing the unique features and complexities of communication within hospitals.
